INTRODUCTION
An early evacuation is the most important measure in reducing tsunami disaster, and an appropriate strategy including well designed evacuation plan has been strongly required. The aim of this study is to apply both SWOT analysis and shelter plan analysis on GIS to establish an applicable strategy for reducing tsunami disaster.
SWOT analysis is one of the powerful methods to evaluate a strategy in projects. In order to set input data for this analysis, we conducted questionnaire survey at four rural villages in Pacitan city, which is a typical populated coastal city in Indonesia, located in East Java province. We also conducted the field survey in this city, especially focused on the condition of evacuation shelters, evacuation networks and type of housing in residential area, in order to evaluate shelter plan on GIS as well as to conduct SWOT analysis.
METHODOLOGY
Pacitan city is located in Java Island. The city is facing Sunda Trench directly and under the vulnerable condition against both earthquake and tsunami. The city is mainly located within flat area on river alluvium deposit 1) . A questionnaire survey was conducted from March to October in 2010 at four villages in this city (Sidoharjo, Ploso, Kembang and Baleharjo, see Fig. 1 ). We asked 38 questions such as 1) identity, 2) social and economic condition, 3) house condition, 4) utility around respondent house, 5) education about tsunami, and 6) knowledge about tsunami, and we obtained 1857 respondents. At first, the results of questionnaire were analyzed statistically to clear the correlations between each variable, and the most important variables were picked up by factor analysis to reduce variables. After that, SWOT analysis was applied to find an applicable strategy for reducing tsunami disaster. 土木学会論文集 B3（海洋開発） Vol.67，No. 2，2011 1   2  3  1  2  3  1  2  3  1  2  3  1  2  3 1 S1
P P P P P 14 2 S4 P P P P P 11 3 S6 P P P P P 6 4 S9 P P P P P House  NP  SP1  SP2  P  1 Sidoharjo  1945  863  478  198  406  2 Ploso  2190  966  619  256  349  3 Baleharjo  2183  959  512  239  473  4 Kembang  439  145  142  62  90 We also conducted the field survey to get the spatial information of houses and settlement by using digital camera with GPS which was used to specify the location on GIS. Hammer test was used to identify structural condition of public facility as temporal shelter. In this stage, the houses of all respondents were scored based on structural condition as seen in Table 1 . Table 1 Sample of scoring check list for respondent houses Based on the field survey, the houses were categorized into four types as Non Permanent (NP) scored 4-6, Semi Permanent 1 (SP1) scored 7-9, Semi Permanent 2 (SP2) scored 10-12 and Permanent (P) scored 13-15 as shown on Fig. 2 Non Permanent house is a kind of temporal house which has poor structure. Semi Permanent house has a better structure than Non Permanent house, and SP2 is better than SP1. Furthermore, allocated tsunami shelters, most of them are public facilities such as schools, mosques and government buildings, were also scored on weighting method; distance from resident area, shelter capacity (people/m 2 ), and the structural condition ( Table 2) . Based on the field survey, the shelters were categorized into two types, an applicable shelter with total score 7-9 and not applicable one with total score less than 6. These field data were overlaid on other spatial information such as tsunami inundation area, elevation data and residential area data, and conducted network analysis on GIS.
Mardiatno et al. 2) conducted tsunami inundation simulation on coastal area in Pacitan. For determining tsunami inundation area, we supposed possible maximum earthquake in this area as magnitude 8.0 in Richter scale from historical data. The location of its hypothetic epicenter is 111.0ºE and -9.5ºS. Angle parameters are strike (θ) 276°, dip (δ) 10° and slip (λ) 95°. The other source parameters are length 120km, width 60.1km, depth 10km and dislocation 5.20 m 2) . As shown in Fig. 1 , Mardiatno et al. 2) estimated that the most of residential areas in Pacitan city are inundated by tsunami due to this supposed earthquake. The inundation areas more than 0.5 m depth spread to landward deeply.
SWOT analysis is used to develop a plan or to find a solution that takes into consideration of many different internal and external factors, in order to maximize the potential of the strengths and opportunities while minimizing the impact of the weaknesses and threats.
During the process of developing a strategic plan or finding a problem solution, grouping techniques are particularly effective in providing structure, objectivity, and applicative. Further, this study also uses weighting value which is taken by analysis factor to identify the applied strategy.
ANALYSIS (1) House type analysis
Many earthquakes, for example in 2006 at Yogyakarta in Indonesia, have brought serious house damages 3) . It was reported that the dominant types of collapsed houses were Non-Permanent and Semi Permanent [3] [4] [5] . Heavy destruction of houses in crowded district sometimes blocks evacuation networks, and also causes a consumption of evacuation time. Distribution of house type in Sidoharjo, Ploso, Kembang and Baleharjo, where we conducted field survey in Pacitan city, is shown on Table 3 . As an example, Fig. 4 shows the distribution of houses in Ploso village. Yellow coloured part means Non-Permanent house and it spreads widely over the village. The most of the house types in this residential area are Non Permanent and Semi Permanent 1, and the damages of those houses could disturb safety evacuation within a limited evacuation time. SWOT Analysis was used to find a strategy based on factor analysis value. In this research, SPSS 17 was used to obtain correlations between each variable. The most important variables were selected in this process in order to reduce variables.
The extracted values by factor analysis, which was obtained from the questionnaire result, can be seen in Table 4 . The result of factor analysis selected values more than 0.5 and unselected values less than 0.5 Table 4 Extracted values by factor analysis As listed on Table 4 , priority variables in reducing tsunami disaster were found; 1) The same culture in the same culture area, 2) Availability of utilities in the city, 3) Availability of access road, 4) Availability of public facility, and so on. The same culture in the same culture area means that the people want to live with residents who have the same culture, because kinship factor and closeness family relationships. An availability of utilities in the city means some demands for electronic power system and water supply system that could increase the quality of life including disaster mitigation in rural area.
These results were weighted by factor analysis and general variables rate of internal factor analysis summary (IFAS) and external factor analysis summary (EFAS) as seen on Table 5 . 
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The weighting value of internal (S-W) and external (O-T) were 5.61 and 4.60, respectably. From this analysis, the suitable strategy for reducing tsunami disaster in those villages can be selected as Rapid Growth Strategy as plotted in Fig. 5 .
The Rapid Growth Strategy means the strategies that have to be done as soon as possible. With considering the priority factors listed on Table 4 , "availability of access road" and "availability of public facilities" could be considered as concrete actions under this Rapid Growth Strategy, because other actions such as "the same culture in the same culture area" and "availability of utility in the city" may not be done quickly in Pacitan city.
This analysis indicates that an accessibility of road around resident area and road maintenance by community are strongly required in Pacitan in order to increase the quality of network listed as opportunities in Table 5 (different road quality= 0.82).
This analysis also indicates the importance of strategy for facilitating the availability of public facilities as a temporal evacuation shelter. As we discuss in next chapter, current allocation of temporal shelters could not cover inundation area in Pacitan. As seen in Table 5 , a concentration of public facilities in central area is one of the weaknesses in reducing tsunami damages. Also, setting an upgrading program of shelters in rural area is one of the opportunities in reducing tsunami damages.
Based on above discussions, we conducted spatial and network analysis on GIS to evaluate the vulnerability against supposed tsunami inundation in Pacitan city under the current shelter allocation. Furthermore, this research discusses possible action to reduce tsunami disaster in this city. Fig. 6 shows the distribution of selected and un-selected shelter after scoring as mentioned in Table 2 . Based on the field, this study employed 38 facilities as temporal shelter shown in red coloured dots.
SHELTER PLAN ANALYSIS
Tsuji et al. 6) reported that the last historical tsunami caused by earthquake in Java Island arrived the coast about 50 minutes after the main shock. The epicentre of this earthquake is different from supposed earthquake by Mardiatno et al. 2) . In this study, we estimate tsunami travelling time to Pacitan as approximately 42 minutes based on the shallow water theory, because no information of tsunami travelling time in Mardiatno et al. 2) . With considering above tsunami travelling time, this study set tsunami evacuation time as 10, 20, and 30 minutes in order to investigate the maximum area that residents could evacuate to their shelters within the evacuation time. Ten minutes evacuation means an urgent situation that could be happen under the delay of evacuation warning. On the other hand, 30 minutes evacuation is the better situation than 10 minutes evacuation.
Evacuation with vehicle sometimes causes a traffic jam and it could disturb safety evacuation of others 7) . This study supposes the evacuation by foot under tsunami evacuation. The walking speed defers depending on the people's physical condition, age, sex, topographic condition, network condition and others. In order to consider a simple condition, this study assumes that all residents evacuate with an average speed as 1m/sec. Fig. 7 shows the distributions of service area, which is defined as the maximum area in which residents can evacuate to the nearest shelter within each evacuation time. The service areas on each evacuation time are drowned in different colours. In this scenario, all shelters except unselected in Fig. 6 can be used for evacuation, and all networks can be also available to evacuate. Table 6 shows the percentage of covered area and number of covered people in each village under the available condition of all allocated shelters and evacuation networks. As shown in Fig. 7 , some areas are uncovered even in the case of 30 minutes evacuation time. With decreasing of evacuation time, covered area becomes smaller. In the case of 10 minutes evacuation, which seems an urgent situation due to some troubles in warning transmission system, only less than a half of residential area could be covered by current shelter allocation. Table 6 Percentage of coverage area in Senario-1 A road with smaller capacity has a higher risk in the evacuation. As shown in Fig. 4 , many Non-Permanent houses and Semi-Permanent houses spread widely in rural area. These houses are very vulnerable against earthquake damages, and those damages could cause the loss of evacuation networks. Fig. 8 shows the service areas in the case of suffering network damages, though the shelters are available as same as in Fig. 7 . In this study, the passes that have Non-Permanent and Semi Permanent cluster more than 70% along them were assumed to be an unavailable due to earthquake. In this scenario, the service areas become much smaller than those in Fig. 7 . Table 7 also shows the percentage of covered area in each village. In comparison with Table 6 , the service areas both in 30 minutes and 20 minutes evacuation time become smaller more that 10%. Furthermore, the service area becomes around 37% in the case of 10 minutes evacuation. As discussed in the results of SWOT analysis, the evacuation network damages deal a severe blow to the safety evacuation especially in rural areas. Table 7 Percentage of coverage area in Senario-2 SWOT analysis says that the Rapid Growth Strategy is one of the suitable strategies which could reduce tsunami damages. As mention in Table 4 , this study pointed out that the availability of access road and availability of public facilities could be considered as concrete actions as the Rapid Growth Strategy. In these actions, increasing the number of shelters can be considered as the fastest strategy, though the low budget for the maintenance of public facilities is listed as the thread in this action. In this study, we surveyed unselected shelters again, and pick up three additional facilities. These facilities could be used as a temporal shelter by improving structure quality. Fig. 9 shows the service areas which are obtained under the condition of no network damages. In comparison with Fig. 7 , the increase of the service areas can be observed in rural area in each evacuation time. Table 8 shows the percentage of covered area in each village. About 89% of residential area is covered by new shelter allocation in 30 minutes evacuation. On the other hand, only 55% of residential area is covered in 10 minutes evacuation time even in the new shelter allocation. Fig. 8 . These results say that more additional evacuation shelters should be allocated in Pacitan city to expand the service area even in the case of limited evacuation time.
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Furthermore, early warning seems indispensable to keep the wide service area with regarding the network damages due to the collapse of poor structure houses.
CONCLUSIONS
This study applied both SWOT analysis and shelter plan analysis on GIS to establish an applicable strategy for reducing tsunami disaster. In order to set input data for this analysis, we conducted questionnaire survey at four rural villages in Pacitan city, which is a typical populated coastal city in Indonesia.
From SWOT analysis, this study revealed that the Rapid Growth Strategy was one of the suitable strategies for reducing tsunami disaster in those villages. Regarding priority factors obtained from factor analysis, this study found that "availability of access road" and "availability of public facilities" could be the concrete actions to realize this Rapid Growth Strategy.
Along with above policies, we surveyed the service area of current shelter allocation by the special and network analysis on GIS. Furthermore, the effects of network damages on the service area were discussed in this study. These surveys said that more additional evacuation shelters should be allocated in Pacitan city to expand the service area even in the case of limited evacuation time. Furthermore, early warning seems indispensable to keep the wide service area with regarding the network damages due to the collapse of poor structure houses.
